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The corrosive behaviour of loaded amine solvents was evaluated under stripper operating 
conditions, for post-combustion carbon capture, to determine the feasibility of using carbon steel in 
plant construction. In addition to monoethanolamine, three alternative amine solvents: 
methyldiethanolamine (MDEA), 2-amino-2-methyl-1-propanol (AMP), 1-(2-aminoethyl)piperazine 
(AEPZ), and the common additive K2CO3 were studied when in contact with carbon steel (C1018) 
over a 28-day period.  Corrosive behaviour was evaluated using carbon steel coupons: gravimetric 
method for weight change, surface imaging (SEM) and analytical techniques (EDX and XRD), and Fe 
ion concentration in solution (ICP-OES). The results demonstrated that MDEA and AMP as well as 
K2CO3 develop a significant siderite (FeCO3) layer on the carbon steel surface. The presence of this 
layer is attributed to the preferred reaction pathway with CO2 for tertiary and sterically hindered 
amines. The FeCO3 layer formed in the case of MDEA provides superior protection from continued 
corrosion of the carbon steel. By contrast, MEA and AEPZ show significant corrosion to the carbon 
steel surface. In conclusion, MDEA, AMP, and K2CO3 can preferentially produce sufficient surface 
FeCO3 layers to reduce corrosion levels in carbon steels for use under stripper conditions in post-
combustion carbon capture plants.  
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Introduction 
 A rapid advancement in post-combustion carbon capture (PCCC) technology will result in its 
inevitable world-wide industrial deployment, if the remaining technical limitations can be overcome. 
One of the principal concerns is the corrosive nature of aqueous amine solvents, used for PCCC, in 
the presence of flue gases containing carbon dioxide (CO2) and a range of impurities. This challenge 
is a well-known problem in the natural gas sweetening industry 1,2. To combat this problem all PCCC 
pilot plants currently in operation use stainless steel to minimize the problem of corrosion, as do 
industrial-scale natural gas sweetening plants. For carbon capture, this approach is an untenable 
solution for large-scale PCCC implementation, where the economy of carbon steel utilization is 
essential.  
The first generation of amine carbon capture technology has relied on monoethanolamine 
(MEA) as the solvent. However, industrialists seeking to improve process efficiency and reduce costs 
are focused on the use of other amine solvents3. These alkanolamine solvents are selected because 
of their ability to preferentially and reversibly react with CO2. In the presence of CO2 and water all 
alkanolamine solvents may undergo a kinetically slow reaction which is limited by the dissociation of 
carbonic acid to form bicarbonate (Reaction 1). 
 CO2  +  H2O +  RR
′𝑅′′N ⇔ HCO3
− +  RR′𝑅′′NH+ Reaction 1 
However, a kinetically faster reaction is possible for primary and secondary amines due to the 
presence of at least one hydrogen bonded to the nitrogen atom. In this reaction mechanisms an 
amine carbamate is formed (Reaction 2) and followed by a hydrolysis reaction (Reaction 3). 
CO2 +  2RR
′NH  ⇔ RR′N𝐶𝑂𝑂− +  RR′𝑁𝐻2
+  Reaction 2 
RR′N𝐶𝑂𝑂− +  H2O ⇔ RR′𝑁𝐻 +  HCO3
−  Reaction 3 
As a result of the faster kinetic reaction of these amines with CO2, primary and secondary amines are 
often preferred industrially. However, the development of multi-component amine mixtures has 
demonstrated the benefits of using tertiary amines in parallel4.  
The reaction mechanisms of the amines with CO2 (Reactions 1 and 2) are crucial given that 
the amine solvents themselves are generally relatively inert, with respect to corrosion. However, 
there is little understanding of the mechanisms by which the corrosion itself occurs. Some studies 
have suggested that the rate of carbamate formation is directly linked to the corrosivity of amine 
solutions1,2,5. Importantly, the type of amine used has been identified as highly influential in 
determining the corrosion potential of such solutions,6 though only limited research has been 
reported.  
Iron carbonate (FeCO3) is one of the primary product layers observed during the amine 
corrosion process. The dissociation of a bicarbonate ion (Reaction 4) in an aqueous medium with 
available Fe ions (e.g. Fe2+) (Reaction 5) results in a straightforward production of FeCO3 (Reaction 
6). 
 H2O + HCO3
−  ⇔  H3O
+  + CO3
2−    Reaction 4 
𝐹𝑒(𝑠)  ⇔ Fe2+(aq)  + 2e−     Reaction 5 
Fe2+ +  CO3
2− ⇔  FeCO3    Reaction 6 
The formation of Fe carbonate as a protective layer has been investigated in the past.7-9 However, 
limited information is known about this process and other corrosion processes with amine solvents, 
especially their behaviour with carbon steel. Overall, most research reported has demonstrated that 
increases in temperature and CO2 loading increase the rate of corrosion.
6 A few additional studies 
have focused on the role of impurities, which were generally viewed to have a similarly negative 
impact. Electrochemical studies of MEA have generally used potentiodynamic polarization with Tafel 
extrapolations to estimate the corrosion rate, and some investigation of electrochemical 
impedance.10-12 While such an approach is useful, a traditional and industrially relevant 
demonstration of corrosion is essential in understanding the full impact likely to be observed in a 
real industrial scenario.13 
The sterically-hindered primary amine 2-amino-2-methyl-1-propanol (AMP) demonstrates a 
range of positive features in comparison to MEA. Two reports on the corrosive nature of AMP, using 
electrochemistry, highlight that in an aqueous solution the corrosion rate is an order of magnitude 
lower under than MEA under lean conditions of CO2 loading and comparable under rich CO2 loading 
conditions.14,15 Again using electrochemistry, a second study compared various amines to indicate 
their relative corrosivity,16 at 80 oC with CO2 saturation for a solution of 5 kmol m
-3 (with the 
exception of AMP at 4 kmol m-3). The corrosion rate in decreasing order is suggested: MEA > AMP > 
diethanolamine (DEA) > piperazine (PZ) > methyldiethanolamine (MDEA). 
Aside from MEA, MDEA is the most widely studied amine with early research, focused on 
natural gas sweetening applications, indicating the reduced corrosion behaviours observed.1,2 An 
early investigation highlights that MDEA may form a protective scale under some circumstances.17 
The apparent reduced corrosive effect of MDEA has been probed, almost exclusively, using 
electrochemical methods.18,19 One report20 includes traditional approaches to observing corrosion, 
highlighting the critical nature of using this approach in addition to electrochemical reports.  
The work reported herein focuses on assessing the corrosion behaviour which would occur 
under process conditions found in a CO2 stripper column fabricated from carbon steel. This study is 
essential to fully understanding previous electrochemical reports and industrially relevant 
observations. In particular, with a very low oxygen concentration, thermal degradation of the 
solution at elevated temperatures will occur. This industrially relevant research evaluates the 
feasibility of using carbon steel infrastructure in the stripper for aqueous amine solutions. The 
corrosive effect on the carbon steel at elevated temperatures was monitored for 28 days to provide 
a more comprehensive view of the corrosion chemistry which occurs. This study includes a direct 
comparison of an aqueous MEA solution with three other popular alternative amine solvents (AMP, 
MDEA, and 1-(2-aminoethyl)piperazine (AEPZ)), as well as the common additive potassium 
carbonate (K2CO3). 
Materials and Methods 
The chemicals MEA (Sigma  ≥ 98 %),  AMP (Sigma ≥ 90 %), AEPZ (Sigma ≥ 99 %), MDEA (Sigma ≥ 99 
%), and K2CO3 (Sigma)  were used as received. Solutions (5 M) for all amine solvents of interest were 
made with DI water and the solution containing K2CO3 to 0.5 M using DI water.  
Carbon steel coupons (Type C1018: Fe: 98.85%, C: 0.17%, Mn: 0.80%, Cr: 0.04%, Al: 0.04%, 
≤0.02%: P, S, Si, Cu, Ni, Sn, N, V, B, Ti, Co) (Alabama Specialty Products) with the dimensions 73 mm x 
22 mm x 2.2 mm, two holes for attachment (radius of 6.75 mm), and a machine finish were used in 
custom made glass reactors.  
Equipment 
Corrosion experiments were carried out in 2 L glass vessels with a four-necked glass lid (Figure 1) on 
a stir/hotplate (IKA) with a temperature probe (ETS-D5). The glass vessels and lids were sealed with a 
PTFE O-ring and clamp. Quick fit hose connectors were used to attach the gas inlet and outlet. The 
remaining neck was fitted with a rubber stopper and used as an access port for removing liquid 
samples (not shown).  
 Figure 1: Corrosion vessel 
 The carbon steel coupons were attached to a custom made PTFE coupon holder 
(Department of Chemical Engineering Mechanical Workshop, Imperial College London), attached to 
the temperature probe. The coupon holder was positioned at approximately 10 cm from the base of 
the probe to avoid disruption of the temperature sensor. A stainless steel container filled with 
deionized water was used as a heating jacket for the vessel. 
Corrosion and Analysis 
The amine solution was added to the corrosion vessel and the coupon holder (with attached cleaned 
and weighed coupons) was immersed in the liquid before sealing the lid. The vessel was purged with 
nitrogen (150 mL min-1) for ten hours at room temperature. The temperature was then increased to 
80 oC and a continuous flow of CO2 introduced (100 mL min
-1).  The constant flow of CO2 was used as 
a simplified method to mimic the degrading rich solvent entering the stripper continuously. The 
solution was sampled before and throughout the experiment; coupons were removed every seven 
days. These coupons were both air dried and with absorbent paper before measuring the total mass. 
The coupons were then cleaned and dried before being weighed again (based on ASTM standard 
method).  
The gravimetric mass change technique recorded the gross change in coupon mass during 
the corrosion process. The concentration of metal ions in solution was measured using Inductively 
Coupled Plasma Optical Emission Spectrometry (ICP-OES) for Fe, Mn, Al and Cr using on a Perkin 
Elmer OES Optima 2000DV. Calibrations were made against standards in the matrix solution at 0.2, 
5.0 and 25 ppm. Scanning Electron Microscopy (SEM) imaging was carried out at 20 kV using a JEOL 
6400. The Energy Dispersive X-Ray Spectroscopy (EDX) detector fitted to the SEM was used with a 
cobalt standard for quantification to determine the chemical composition found in samples of both 
the surface and cold-epoxy mounted cross-sections. The solids chemistry was further probed using 
X-ray Diffraction (PANalytical X’Pert pro Multi-Purpose Diffractometer) (XRD) with a Cu kα of 1.54 Å. 
Analysis of XRD data used libraries of spectra supplied by the PANalytical software High Score. 
Matches of unknown materials to reference spectra were made using both position of peaks as well 
as relative size to one another.  
Results and Discussion 
 Coupons were removed at intervals of one week from each of five respective corrosion 
reactors over a 28-day test period. The change in weight of these coupons was recorded to 
determine the losses in solid mass due to corrosion and/or the growth of a product layer on the 
coupon surface (Figure 2). The change in mass was converted to a corrosion rate, assuming uniform 
corrosion across all exposed surface area and the density of the carbon steel (Equation 1). 
𝐶𝑜𝑟𝑟𝑜𝑠𝑖𝑜𝑛 𝑅𝑎𝑡𝑒 =
𝑀𝑓−𝑀𝑖
𝐴×𝑡×𝜌
   Equation 1 
For this conversion the change in mass (Mf – Mi) is divided by the area (A), time (t), and density (ρ) (a 
conversion factor can be used to convert the units as necessary). The solution of 5 M MEA in DI 
water shows an initial weight loss indicating corrosion with a rate of approximately 0.4 mm y-1. This 
rate decreases somewhat over the following week and holds steady for the following two weeks. 
Similar signs of mass loss are observed for the samples soaked in 5 M AEPZ. This solution shows a 
lower rate of corrosion over the first week which increases in the second week. Coupons tested in 
AEPZ showed the most significant variability in weight change. This variability is attributed to the 
detachment of reaction products from the coupon surface during the various measurements made. 
Regardless, it is clear that there is continued weight loss which appears somewhat more substantial 
than for samples in an MEA solution.  
 
Figure 2: Corrosion rates based on mass loss following the weekly removal of mild steel coupons from 5 M solutions of 
MEA, MDEA, AEPZ, and AMP and a 0.5 M solution of K2CO3. 
In contrast to the behaviour of 5 M MEA and AEPZ solutions, the 5 M solutions of MDEA and AMP as 
well as 0.5 M K2CO3 all show lower rates of mass loss. In fact, all three solutions behave very 
similarly using this gravimetric method. Furthermore, any differences observed across the four 
weeks appear to be statistically insignificant. The gravimetric method used (Figure 2) has long been 
used industrially to quantify corrosion. However, this rudimentary technique only provides 
information on gross sample changes.  
A visual inspection of coupons after seven days indicates very similar trends (Figure 3). Both 
the MEA and AEPZ exposed samples suggest corrosion based on weight loss measurements, with 
corroded coupons exhibiting metallic surfaces. By contrast, coupons removed from the solutions 
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containing MDEA, K2CO3, and AMP all show a matte finish on the surface due to corrosion product 
formation. Interestingly, the colours observed in these finishes are remarkably different (Figure 3).   
  
 
Figure 3: Photograph of steel coupons removed from the corrosion experiments after 7 days exposure to solvent 
components; A) MDEA, B) K2CO3, C) MEA, D) AEPZ and E) AMP. 
Using SEM, the surface of the coupon samples were imaged to better assess the changing 
topography. The initial surface (Figure 4), before testing, was imaged of a C1018 coupon showing the 
coarseness of the machine finish. Such a surface finish is commonplace in industrial applications and 
thus the relevance of the solution’s impact on such test samples under these conditions is 
industrially important. 
 
Figure 4: SEM image of a C1018 coupon before use at x250 where the coarse surface machine-finish is visible. 
Analysis of Coupons with a Product Layer 
After 7 days, the coupon removed from a 5 M solution of MDEA (Figure 5A) shows complete surface 
coverage of a corrosion product layer. Crucially, the machine-finish of the coupon is still apparent; 
however, the coverage of the surface is not impacted by the surface roughness. Similarly, the 
completion of surface coverage is observed in 5 M solution of AMP after only 7 days (Figure 5C). 
While the coverage is complete, a closer inspection of the crystalline structures, on the surface of 
metal sample, shows that the crystals formed by MDEA (Figure 5B) include some larger crystals 
growing on a surface of smaller ones. In addition, the crystals formed in aqueous MDEA solution 
show many fewer imperfections than those observed on the surface of the AMP treated sample 
(Figure 5D).  
However, such surface coverage was not uniformly found on samples after 7 days in a 0.5 M 
solution of K2CO3 (Figure 6A). Interestingly, the machine-finish of the coupon contributes to this. Less 
accessible grooves appear to be covered more slowly. This feature is still apparent in the following 
A B C D E 
two weeks and notably the surface appears more heavily damaged in the following weeks than was 
seen for either MDEA or AMP. 
 
  
  
Figure 5: SEM images after 1 week in 5 M MDEA solution (A) x1000 (B) x2000 and 5 M AMP solution (C) x500 (D) x2000 
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Figure 6: SEM images all at x500 in 0.5 M solution of K2CO3 after (A) 1 week (B) 2 weeks (C) 3 weeks (D) 4 weeks  
The chemical composition of the crystal structures was assessed using EDX and XRD. Analysis using 
EDX highlights relatively consistent compositions of the crystalline structures with approximate mole 
ratio of Fe:C:O of 1:1:2 (data included in Supplementary Information, Figure 15). However, due to 
the nature of this technique accurate estimations of carbon and oxygen content are notoriously 
challenging and error prone. 
As such, XRD most clearly confirms the presence of siderite as the crystal structure formed 
on the surface of these samples (Figure 7). In particular, MDEA and AMP samples show a high degree 
of similarity in their XRD data. A very small amount of Fe is observed (particularly notable at 44.674 
and 98.949 2θ values, where there is no nearby siderite signal) after one week of exposure. This 
could be attributed to the measurement itself where the angle of incidence will result in some 
exposure to the carbon steel underneath the siderite layer. However, porosity in the structure would 
also yield an increased signal. After four weeks exposure to AMP (Figure 7B), a small increase in 
intensity is easily observed in the Fe signal. As such, some destruction of the structure, resulting in 
porosity is likely. This behaviour is not observed as distinctly in MDEA. In the case of K2CO3 (Figure 
7B), significant presence of Fe is clear as compared to the cases of either AMP or MDEA. This 
observation is not surprising given the SEM images previously shown (Figure 6). However, the 
continuing signal at four weeks of exposure suggests that the coverage remains quite porous.  
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Figure 7: XRD analysis for (A) MDEA (B) AMP (C) K2CO3 for the first and fourth week shown with the standards for 
siderite (D) and ferrite (E) all of which are shown on a log scale of arbitrary units. 
The presence of siderite is clear from SEM imaging and XRD. However, apparent Fe 
throughout samples in 0.5 M K2CO3 and by week four in AMP necessitates confirmation of the 
changing thickness of the siderite layer observed. Imaging by SEM of sample cross-sections 
embedded in epoxy helps to identify the changing thickness of the crystalline layer. A minimum of 
three unique locations (multiple edges) were imaged for each of which three points were measured 
as representative of the surface film thickness. Gaps in K2CO3 were excluded (Table 1).  
Table 1: Growth of the siderite layer for first and subsequent three weeks, represented by thickness and rate of growth 
 Thickness (µm)  Growth Rate (µm day-1)† 
 Week 1 Week 4  Week 1 Week 2-4 
5 M MDEA 15.0 ± 4.5 24.1 ± 5.7  2.1  0.4 
5 M AMP 12.2 ± 5.1 26.5 ± 9.0  1.7  0.7 
0.5 M K2CO3‡ 13.3 ± 3.4 35.4 ± 3.9  1.9 1.1 
†Growth rate are an estimate are based on the average thickness growth 
‡Thickness was calculated for areas with siderite formation, bare regions were not included 
In a 5 M solution of MDEA after 1 week the product layer (Figure 8A) was observed to be 15.0 ± 4.5 
µm thick and achieved a thickness of 24.1 ± 5.7 µm (Figure 8B) after four weeks. However, the 
growth rate decreases substantially after the first week, dropping by more than 75%. This suggests 
there is rapid siderite growth in the first week providing good coverage across the surface, and then 
crystals growing increasingly large on this base. The formation of larger crystals is likely to be linked 
with the reduced overall rate of film growth.  
A similar behaviour is observed in the case of 5 M AMP where a product layer thickness of 
12.2 ± 5.1 µm (Figure 8C) was reported after the first week and reaching 26.5 ± 9.0 µm at the 
conclusion of the 28-day trial (Figure 8D). Significantly more variability in the product layer thickness 
was observed for samples in AMP than MDEA. Notably, the growth appears to be slower in the first 
week though the decrease in the subsequent weeks is less dramatic. The crystalline structures 
observed do not appear to form the siderite’s rhombohedral structure with the precision previously 
seen in MDEA. Furthermore, the continued growth is of small crystals, which may be the reason for 
more localized regions of growth, in turn explaining variability in thickness measured.  
E 
The differences observed between the crystal formation in MDEA and AMP suggests that the 
conditions of formation are different. The influence of solvent choice and the presence of other 
solutes in the crystallising liquor are known to strongly impact crystal shape (i.e. habit), which has 
been extensively documented in pharmaceuticals21,22. While the habit of crystals can appear to be 
generally the same, the growth can display different facets outwardly. Chemically, the adsorption of 
solutes (e.g. especially acidic or basic species) from the crystallising liquor onto specific facets of the 
nascent crystal will affect the growth kinetics for each crystal facet differently and thus impact on 
the final crystal shape and size obtained. In the case of siderite, the presence of MDEA and AMP may 
create similar distinctions in solution and therefore induce different nucleation and growth of the 
crystals. 
By contrast, coupons tested in 0.5 M solution of K2CO3 showed an average siderite layer 
thickness of 13.3 ± 3.4 µm, relatively similar to that observed for samples in 5 M MDEA and 5 M 
AMP. However, the film does not show uniform coverage across the surface. Though, after four 
weeks the thickness exceeds that observed for either MDEA or AMP reaching 35.4 ± 3.9 µm (Figure 
8F). Images (SEM) of the surface suggest that surface coverage is much improved with increased 
exposure to K2CO3, however results from XRD point to continuing porosity. 
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Figure 8: SEM images of cross-sections taken of coupons removed from: (A) 5 M MDEA at 1 week at x2000 and (B) 5 M 
MDEA at 4 weeks at x1500 (C) 5 M AMP at 1 week at x2000 and (D) 5 M AMP 4 weeks at x1500 (E) 0.5 M K2CO3 at 1 week 
at x2000 (F) 0.5 M K2CO3 at 4 weeks at x1500. For each sample the steel, siderite layer, and resin are labelled as 
appropriate. Some product layers were more damaged in the preparation process, however the boundaries of the layers 
remain well defined. 
The growth of siderite on the surface of carbon steel coupons exhibits different behaviours in the 
three solutions: 5 M MDEA, 5 M AMP, and 0.5 M K2CO3. To establish the growth phenomena 
occurring in these three cases, the concentration of Fe ions in solution were measured using ICP-
OES.  
The 0.5 M K2CO3 solution exhibited the lowest Fe ion concentration, increasing over the first 
week (Figure 9).  Aqueous solutions containing K2CO3 will result in the formation of salts, leaving a 
supply of carbonate ions which will readily interact with the Fe ions on the surface of the steel 
coupon. The reaction between the carbonate and Fe ions occurs, but does not cover the entire 
surface. Due to the porosity of the product layer, Fe ions remain readily available with a slowly 
increasing concentration in the bulk throughout the course of the experiment. This allows the 
continued growth of the siderite layer, which was observed.  However, the formation of the crystals 
remain of poor quality. 
By contrast in the 0.5 M K2CO3, the formation of carbonate species from amines is not as 
direct. Due to MDEA’s tertiary amine, the reaction of MDEA with CO2 is known to follow the slower 
kinetic pathway (Reaction 1). From this reaction where the formation of a bicarbonate species is 
clear, a subsequent conversion of this species to a carbonate follows (Reaction 4). Because of the 
reactions required, there will be an excess of Fe ions in solution. The carbonate ions produced will be 
quickly consumed to form FeCO3 (Reaction 6). Subsequently, this reaction will also cause a decrease 
in the concentration of Fe ions in the bulk as they are consumed as FeCO3. The formation of this 
barrier on the surface of the steel coupon thereby reducing Fe ions released into solution. The result 
is that the net Fe ion concentration is stabilized, where the consumption of Fe ions is commensurate 
with those produced. In fact, this steady state shows that the coupons are relatively inactive given 
that no dramatic decrease is observed upon the removal of an individual coupon. Given the 
dramatically reduced rate of growth observed by thickness and the large and slowly forming crystal 
structure, the stability in Fe ion concentration is expected.  
The initial high concentration of Fe ions in 5 M AMP is slightly higher than that observed in 
MDEA. However, unlike in MDEA, in AMP the concentration of Fe does not decrease as dramatically. 
It is clear that in AMP the crystal growth over the course of the first week is less than that in MDEA. 
As a sterically-hindered, but primary, amine, AMP, can operate through both reaction pathways 
(Reaction 1 and 2). However, there is some indication that due to the steric hindrance it may 
preferentially operate through the slower kinetic mechanism used by MDEA (Reaction 1). As such, it 
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is possible that a smaller concentration of carbonate ions is formed in solution during reaction with 
carbon dioxide. This shifts the balance, allowing a higher concentration of Fe ions to remain in 
solution. As with MDEA the concentration of Fe ions stabilizes; although after the second week in 
the case of the AMP solution, rather than at the end of the first for MDEA. The layer of siderite 
formed creates a sufficient barrier to reduce the Fe ions produced where they are all consumed. 
With a more porous siderite layer formed in AMP (as compared to MDEA), continued growth at a 
faster rate is observed as well as a high concentration of Fe ions in solution.  
 
 
Figure 9: Concentration of Fe in solution measured using ICP-OES for 5 M MDEA and AMP, as well as 0.5 M K2CO3 
Analysis of Coupons with Corrosion 
In the previous section the coupons tested in aqueous amine solutions developed a product layer on 
the surface of the corrosion coupon. However, the coupons submerged in aqueous solutions of MEA 
and AEPZ did not demonstrate any crystalline layers and observation will be addressed herein. From 
the weight change results, it was apparent that coupons in contact with MEA and AEPZ show 
substantial continued weight loss, which translates to a relatively high corrosion rate (Figure 2). 
Furthermore, the macroscopic appearance of these coupons without a matte finish is significant. 
This difference is corroborated by an inspection using SEM of the samples in 5 M MEA (Figure 10A) 
and AEPZ (Figure 10B) at the conclusion of the experiment after 28 days. The surfaces observed 
showed few distinctions across the four weeks studied (see Supplementary Information for 
additional SEM images). 
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Figure 10: SEM images after 4 weeks at x500 for (A) 5 M MEA and (B) 5 M AEPZ aqueous solutions  
Analyses of the surface using EDX indicate for both samples treated by 5 M MEA and 5 M AEPZ show 
predominantly Fe. A small amount of carbon is also detected and a trace of oxygen in the case of 
AEPZ treated samples (additional data is included in Supplementary Information). This result is a 
dramatic difference to the samples treated with 5 M MDEA, 5 M AMP, and 0.5 M K2CO3. Given that 
the presence of carbon could result from contamination or other superficial sources, XRD was used 
to confirm the crystal structure (Figure 11). The results of XRD conclusively demonstrate that only Fe 
is present on the surface of these corroded coupons. For all cases considered, only four peaks were 
observed where the 2θ position and peak ratios were consistent with only ferrite.  
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Figure 11: XRD analysis for (A) MEA (B) AEPZ for the first and fourth week shown with the standards for siderite (C) 
(where none is observed for either MEA or AEPZ) and ferrite (D) all of which are shown on a log scale of arbitrary units. 
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 Figure 12: Concentration of Fe in solution measured using ICP-OES for 5 M solutions of MEA and AEPZ. 
Whilst the chemistry of the surface remains the same on the corroded samples, weight loss 
measurements (Figure 2) show clear loss of Fe from the solid metal. Measurements of Fe ion 
concentration in solution using ICP-OES confirm the loss of material from the carbon steel coupons 
(Figure 12). Solutions soaked in MEA clearly have a high concentration of Fe ions in solution initially, 
in keeping with high weight loss in the first week. However, the concentration of Fe ions reduces 
over the following three weeks just as the weight loss is seen to be less. As such this suggests that 
some Fe from solution is returning to the metal surface.  
By contrast, the first week in AEPZ showed more minimal weight loss than in subsequent 
weeks. This is in accordance with the lower concentration of Fe ions in solution. However, the 
concentration of Fe ions continues to increase over the course of the remaining three weeks. While 
the weight loss is somewhat variable over the three weeks, this suggests that active dissolution is 
ongoing. As was previously noted, samples in AEPZ showed distinctly larger variability in weight loss 
measurements than samples in any other solution type. Experimental observation of material 
removal during the cleaning and measurement process is the likely source for the high Fe 
concentration observed as well. As such, the process of corrosion due to 5 M AEPZ is more 
aggressive than that found in a 5 M MEA solution.  
Conclusions 
The corrosive nature of a series of amines, on carbon steel and under stripper conditions is variable 
and amine chemistry dependent. The current use of stainless steel in PCCC infrastructure is based on 
the corrosive nature of MEA, which was demonstrated again in this work at 80 oC with a solution 
saturated with CO2. However, the selection of stainless steel may in fact be unnecessary for use with 
other aqueous amine solutions. The use of 5 M MDEA and 5 M AMP both showed the formation of 
siderite layers on mild steel test coupons. The layer formed in 5 M MDEA showed more protective 
behaviours in reducing continued steel corrosion than was found in 5 M AMP. Interestingly, the 
common additive of 0.5 M K2CO3 also demonstrated a surprising level of siderite formation.  
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However, the use of AEPZ was shown to be far more aggressive than MEA in corroding carbon steel. 
This distinctions highlight that the reduction of capital infrastructure costs in building PCCC strippers 
may be possible using a less expensive carbon steel for amine solutions that are pre-disposed to the 
formation of siderite layers. 
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Figure 13: SEM of 5 M MDEA surface samples (A,B) Week 2 x500 and x2000 (C,D): Week 3 x500 and x2000 (E,F): Week 4 
x500 and x2000 
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Figure 14: SEM of 5 M AMP surface samples Week 2 x500 (A) and x2000 (B), Week 3 x500 (C) and x6000 (D), Week 4 x500 
(E) and x2000 (F) 
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Figure 15: Compositional analysis of the surface from EDX using multiple point individual analysis of the crystals for (A) 5 
M MDEA, (B) 5 M AMP, and (C) 0.5 M K2CO3 
 
 
 
 
 
 
 
 
 
Figure 16: SEM of 5 M MEA surface samples all at x500 (A) Week 1 (B) Week 2 (C) Week 3 
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Figure 17: SEM of 5 M AEPZ surface samples all at x500 (A) Week 1 (B) Week 2 (C) Week 3 
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Figure 18: Compositional analysis of the surface from EDX using multiple point individual analysis of the crystals for (A) 5 
M MEA and (B) 5 M AEPZ  
 
0
25
50
75
100
125
7 14 21 28
Mn
Al
O
C
Fe
A 
0
25
50
75
100
125
7 14 21 28
Mn
Al
O
C
Fe
B 
